Frederick W illiam Lanchester was born in Lewisham on 28 October 1868. His father was an architect, a profession which his elder brother also followed. In his early youth his family migrated to Hove where he spent most of his childhood and became very attached to Sussex. In later life he delighted to spend most of his holidays in that county.
was in effect therefore a compressed air starter, but with two additional advan tages: it was much simpler and cheaper, and its functional behaviour ensured that there must be a combustible mixture available before it would operate, thus the risk of a false start and the consequent loss of compressed air was eliminated. In the days of large single-cylinder gas-engines the Lanchester starter proved a godsend and was soon adopted by the leading engine builders of the day.
While with the Forward Gas-Engine Co. he designed and built, among other things, a very successful high-speed internal combustion engine direct coupled to a dynamo; this ran normally at a speed of 600 r.p.m.-a very high speed indeed for those days; from this, no doubt, he gained much valuable experience to be applied later to his motor-car engines. While with the Forward Gas-Engine Co., Lanchester came in contact with the late Sir Dugald Clerk, F.R.S., who even then was the leading figure in the internal combustion engine world. They became close and lifelong friends; indeed, it used to be said that Dugald Clerk was the only man who had any influence with or control over Lanchester.
About 1895 Lanchester decided to start out on his own and to try and develop a motor-car; for this purpose he got together a small private syndicate and set to work. It should be emphasized that up to this date existing legislation had made the use of motors on British roads virtually impossible, so that while continental pioneers had established not only a lead, but already a flourishing industry, we in this country had still to drive at a walking pace behind a man with a red flag, and so had no background of experience other than that handed down from the very early steam coaches of Hancock, Gurney and others. With the repeal of the restrictive act, and the immediate invasion of this country by foreign cars, many enterprising British firms started to design and manufacture their own products, but these for the most part were merely copies of French or German models and, in any case, they were in fact just what their current name described them, viz. 'horseless carriages', that is to say they were modelled closely on contemporary horse-drawn vehicles, with springing, steering, etc., quite unsuitable for the higher speeds they could attain and equipped with incredibly noisy engines, having one or, at the most, two cylinders with no attempt at balancing either their dynamic forces or their heavy torque recoilhence their noise and vibration were excessive.
Lanchester set himself the task of producing what may justly be described as a real motor-car as distinct from a horseless carriage, and as was characteristic of the man, he started out from first principles, refusing to be influenced by fashion or habit. He realized from the outset that the ideals were a noiseless and vibrationless engine and transmission system, with springing and steering suitable for speeds far in excess of that of horse-drawn vehicles and with more appropriate passenger accommodation. He realized also that to achieve these ends not only would he have to design "and develop something wholly novel but that its production would involve an entirely new technique in manufacture. The task he set himself was therefore an ambitious one indeed.
With these ends in view he evolved a car whose performance differed as much from that of contemporary horseless carriages as does a Rolls-Royce from an agricultural tractor to-day, and which contained most of the essential features to be found in modern cars, such as a perfectly balanced and almost silent engine, a noiseless rear axle, direct through drive in top gear, combined with springing and sensitive self-correcting steering comparable at least with any to be found to-day. He went even further, for his engine was balanced not only as to all dynamic forces but also as to torque recoil, a refinement much to be desired in those early days when cylinders were few and large. The writer himself, a motorist since 1898, can well remember his first drive in one of the earliest Lanchester cars, for it was a revelation, the memory of which is still as fresh as ever. In place of the excessive noise and vibration to which he had been accustomed was what then seemed an almost uncanny silence, in place of the jolting and bumping a delightfully steady motion, while the steering gave one a sense of control and security which at date was quite novel. Apart from the overall design Lanchester introduced a whole host of novel features; his was the first dynamically balanced engine of a bold and wholly novel design later to be superseded only by the small high-speed six-cylinder engine. This highly original engine had also a very ingenious low-tension magneto ignition system which was impervious to oil, carbon, or dirt, the bugbears of the early electric ignition systems.
In order to ensure silence Lanchester employed a worm gear for his final drive in the rear axle, not a conventional worm gear which was notoriously inefficient and generally irreversible, but one of a totally new geometric form which, while being completely silent, had an efficiency of the order of 98 per cent or even more. For the production of this he had not only to evolve a com pletely new technique but also to design and develop the tools for its manu facture. The Lanchester worm gear soon became justly famous and found its place in a great many other applications as well as on the majority of cars and lorries during the succeeding twenty years.
Again in the mechanism of this car Lanchester solved, and that in a peculiarly elegant manner, the age-old problem of how best to mount driving or driven members on a parallel shaft while leaving them free to slide; the old practice had been to use either square shafts or round shafts with one or more feather keys, neither of which was satisfactory. Lanchester evolved what came to be known as the splined shaft, which has now become universal practice in all motor vehicles, aircraft engines, etc., and in fact all light-or high-duty machinery. Here again he had to develop an entirely new technique of machining. Yet again he employed for the first time roller bearings with short rollers of extreme accuracy, and succeeded in making them himself to a uniform accuracy of plus or minus two ten thousandths of an inch, a remarkable achievement for that date. For this and other high precision work he designed and patented what is now known as the centreless grinder. To-day all roller bearings in this country and on the continent follow Lanchester's proportions and technique. All this and much more he achieved in a very small factory with what nowadays would seem to be totally inadequate resources in the way of personnel, equip ment, or finance, and with little or no technical assistance.
During the years 1895 to 1899 the total expenditure of the syndicate was only .£4,000, Lanchester himself being apparently unpaid. In 1899 a new company was formed, the Lanchester Engine Co., later changed to the Lanchester Motor Co. Ltd., with a paid-up capital of £42,525. In this company Lanchester was the general manager, works manager and, of course, designer, and his hands must indeed have been full for, to quote his own words, 'the difficulties of the management were very great, partly owing to the fact that no ancillary trades had then developed and we had to make everything ourselves, chassis, magneto, wheels, bodywork, etc., etc., everything in fact except the tyres, moreover for many processes I had personally to train my own labour*. One can well believe that the difficulties he had to contend with were great indeed ! Lanchester's first experimental car was completed in 1895, having been built for the most part in the shops of the Forward Gas-Engine Co., his second in 1897-this won a gold medal and is now in the South Kensington Museum; these, however, should be regarded rather as pilot experimental models, each containing some, but not all, of the features he was in process of developing. His complete car containing all the features he was striving to incorporate did not appear on the market till 1901 when it created somewhat of a sensation, and though his cars at once achieved great popularity and were turned out in what in those days were considered as large numbers, yet the company was not a commercial success, chiefly because the manufacturing facilities then available were too small, and possibly also because Lanchester was never satisfied with his product and was always introducing improvements. An attempt in 1903 to raise the capital to £100,000 having failed, the company was placed in the hands of a receiver. Lanchester, however, carried on as before and was able to show a profit. In 1905 a new company was formed under the name of the Lanchester Motor Co. Ltd., but disagreements arose between Lanchester and his new board with the result that he resigned his position as managing director but agreed to carry on as a consulting engineer and designer, which position he retained until 1919 when he parted finally with the firm. It seems, however, that from this date his interest in the concern must somewhat have waned for, with each succeeding model of Lanchester car, the imprints of his own peculiar style and originality became progressively less conspicuous.
Perhaps the most outstanding feature of the early Lanchester was its vibration less engine. It should be remembered that at that early date there was a strong prejudice against the multi-cylinder engine; nor was it entirely unfounded for, with the crude carburettors and the still cruder ignition equipment of the day, it was difficult enough to keep more than two cylinders firing regularly. On the other hand, with the one or two relatively large cylinders then in vogue, both the noise and the vibration due to the unbalanced forces set up by the heavy reciprocating parts and still more to the excessive torque recoil due to irregular turning movement and low speed were excessive; though almost intolerable they were accepted at the time as a necessary evil inseparable from the use of internal combustion engines.
Lanchester's highly original engine had two horizontal opposed cylinders. Interposed between these were two crankshafts, geared together, and running * in opposite rotation. Each piston was coupled to both cranks, thus not only was torque reaction cancelled out within the structure of the engine but the dynamic forces were cancelled by balance weights attached to each of the cranks, for with two crankshafts in reverse rotation the movement of the combined centre of gravity of the balance weights was in a straight line exactly in the path of but in an opposite direction to that of the pistons. By virtue of this ingenious arrangement, the engine was as near vibrationless as any engine ever has been, regardless of the number of cylinders. Lanchester, of course, realized from the outset that he could obtain nearly the same result by using six small cylinders, but neither the time nor the technique of manufacture were ripe for that, and the cost alone of such an engine would, in those days, have been prohibitive.
When, several years after the advent of the early Lanchester cars, the sixcylinder engine became practicable, it was found to be afflicted with a mysterious malady which later was diagnosed as crankshaft torsional vibration. Sir Henry Royce, though not the first to produce a six-cylinder car engine, appears to have been the first to identify the trouble as torsional vibration of the crankshaft; he tackled the problem by somewhat ad hoc methods, namely, by frictionmounting his engine flywheel and fitting spring drives in all his auxiliary gearing, but it was Lanchester who first analyzed fully and laid bare the whole subject of crankshaft torsional oscillation. In 1907 he took out a patent for his now famous torsional vibration damper; this consisted of a small flywheel mounted freely on the end of the crankshaft remote from the main flywheel and connected to the shaft by the viscous friction of an oil-immersed plate clutch. This proved completely successful in eliminating torsional vibration and thus laid the ghost which hitherto had haunted the six-cylinder engine. Within a very few years every engine with six cylinders or more and many with less than six were fitted with Lanchester dampers as a matter of course. About the same time he patented also his so-called harmonic balancer, an ingenious device for cancelling out the unbalanced secondary forces in a four-cylinder engine. This consisted of two small balance weights rotating in opposite directions at twice the speed of the crankshaft. In effect it did to the secondary disturbing forces of a four-cylinder what his contra rotating crankshafts did to the primary forces in his original two-cylinder engine.
About 1909 Lanchester became also consulting engineer to the Daimler Motor Co. and to their parent firm the Birmingham Small Arms Co. At that time the Daimler Co. had pinned their faith, their fortunes, and a vast amount of propaganda and publicity to the Knight double sleeve-valve engine and Lanchester had the unenviable task of trying to make this rather unsatisfactory engine do what the company and its publicity agents claimed for it. He accom plished a great deal in this direction but, from the first, he had realized that it was a forlorn hope. None the less, he did succeed in converting it from a partial failure to-for a time-a commercial success. He was engaged also by the Daimler and B.S.A. companies on the development of several rather grandiose schemes such as a petrol-electric motor-bus, the Renard road train, etc., all of which were successful technically but proved to have little or no commercial value. These must have been years of frustration for Lanchester, for his time and his great talents were devoted either to flogging what he had regarded as a dead horse, such as the Knight engine, or to the development of schemes for which he foresaw but little future.
From his earliest days Lanchester had been deeply interested in the science of aeronautics, then, of course, quite in its infancy. In spite of the fact that he must have been very fully occupied with the development of his motor-car and all that that entailed, yet he somehow contrived to devote a great deal of time and thought to the subject.
He carried out a great many experiments with model gliders, mostly just paper models, and from these simple trials his brilliant and analytical mind evolved most of the fundamental theories of sustained flight on which even to-day, our most modern designs are based.
In 1895 he read a paper before the Birmingham Natural History and Philosophical Society in which he propounded for the first time the conception now known as the vortex or circulation theory of sustentation in flight. It is unfortunate indeed that this highly original and important paper was never published, but Lanchester revised and amplified it and then submitted it to the Physical Society by whom it was rejected in September 1897. The first public exposition of his theories had therefore to wait the completion of his famous book Aerial Flight published in two volumes in 1907, one entitled 'Aerodynamics' and the second 'Aerodonetics'. This long hiatus is all the more unfortunate, because during the intervening years Prandtl, in Germany, had arrived quite independently at the same conclusions and had published them slightly ahead of Lanchester and so acquired much of the kudos. In this con nexion the writer cannot do better than to quote from Sir Melville Jones's tribute to Lanchester on the occasion of his receiving the W att Medal at the Institution of Mechanical Engineers in January 1945.
'The ideas and theories contained in these volumes have since been extended and developed by subsequent workers and some have been restated in mathe matical terms of a more conventional kind than those used by the author. For this reason many who now make constant use of Lanchester's ideas may not appreciate fully from whom they originated, but no one conversant with science as it now stands can fail to be impressed, on reading the volumes, of the author's astounding vision and grasp of the subject, at a time when very little was known about it and when experimental data beyond what he himself had obtained with the simplest apparatus were almost non existent.
'In the volume entitled "Aerodynamics" is contained the first public statement of what is now known as the theorem of the induced drag of an aircraft in flight. This theorem divides the drag, or aerodynamic resistance to the motion of an aircraft, into two parts, one part now called the "induced drag" , is attributed solely to the need for sustaining the aircraft against the attraction of gravity; the other part, the remainder, is regarded as arising from the mere passage of the aircraft through the air, irrespective of its weight.
'Lanchester shows that the induced drag arises because the weight of the aircraft cannot be supported without the generation of a circulatory motion in the air, which takes the form of a pair of vortices whose axes lie nearly along the paths previously traversed by the wing tips. The continual generation of these vortices requires the expenditure of power, and thus results in an increase in the drag of the aircraft above what would be necessary if it had no weight. The ways in which these two components of drag, the induced drag and the remainder, each vary in a different manner with variations of the weight and speed of the aircraft were clearly and correctly stated, and it was concluded that the minimum drag occurs when the induced drag is half the total drag.
'In a later paper, read before the Institution of Automobile Engineers in 1915, these ideas were further developed. The induced drag was shown to depend primarily on wing span and a method was devised for calculating its value from first principals. This method has subsequently been shown, by a more rigorous analysis, to give the correct value when the lift is graded elliptically across the wing span and to give a good approximation for other practical distributions.
'The volume entitled "Aerodynamics" contains a chapter on skin friction, in which Lanchester showed clearly, at a time when its importance was scarcely appreciated, the essential part that skin friction must play in determining the drag in an efficient aeroplane. It is implied in his arguments that^ for a well shaped aircraft, the total drag need not greatly exceed the induced drag and the drag due to skin friction, and from this it follows that the total drag of a welldesigned aircraft, at the speed of minimum drag, need not be much greater than twice the. skin friction drag. At the time of their announcement these were very revolutionary ideas, and many years had to elapse before they eventually bore fruit in the beautiful aircraft which now fill our skies.
'The volume also deals with the factors which determine whether or not similar flow forms will occur around bodies of identical shape but of different size, moving through different fluids at different speeds. The use of the dimensionless quantity, now known as the "Reynolds Number" , as a criterion of similarity, and the ways in which this criterion can be used to correlate and to extend the use of experimental data, were clearly explained.
'It can thus be said without fear of contradiction that the ideas contained in Lanchester's volume of "Aerodynamics" provided the foundation from which have been developed many of the intricate theorems and methods now universally used for the prediction and analysis of aircraft performance.
'The second volume of Aerial Flighty entitled "Aerodonetics" a word not now in common use-dealt with the motions of aircraft under the action of aerodynamic forces and gravity. A precise equation governing the motion of an idealized aircraft without head resistance was given and developed to show the various forms which flight path can take in these circumstances. Methods 4 were also developed for calculating the flight paths of real aeroplanes, following any disturbance from steady straight flight. The various forms taken by these paths in different circumstances and the factors which determine which path will be,taken, were, for the first time, set out and explained.
'By this latter analysis Lanchester succeeded in predicting many of the main features which govern the stability and control of aircraft, and this at a time when the only experimental evidence available to guide and check the analysis came from his own observations on small gliding models. Lanchester's analytical methods differed considerably from those now used for studying stability and control of aircraft, but the conclusions reached by both methods are substantially the same, and all workers in this field owe a great debt to him for his pioneer work, which first set them upon the right track.'
When it is recalled that all Lanchester's work on aeronautics was carried out single-handed, without any of the equipment available to-day, without any financial aid, and that the most important conclusions were arrived at some ten years before the Wright brothers achieved their first flight, the magnitude of his achievement appears all the more impressive. Add to this the bulk of this research was carried out during the period when he was developing his famous motor-car in the face of what would now seem to have been almost ov er-« whelming difficulties.
During his association with the Daimler Co., it became evident that to carry on experimental work on the premises of a firm devoted wholly to production and with little interest in research was not a practicable proposition. At long last, Lanchesterjjersuaded the firm to set up a small separate experimental establish ment under the title of Lanchester Laboratories Ltd., in which to carry out their research and development work, unhindered by the prior demands of production. No sooner, however, was this established than the company decided to abandon their share in it leaving Lanchester free to carry on alone. It would seem that for some time previously Lanchester's relations with the Daimler Co. had beeh becoming increasingly strained and it is perhaps only fair to the latter to infer that the focus of his interests at this period was changing from the road to the air, and from the air, to wireless and to musical instruments.
At the Lanchester laboratories, after his break with the Daimler Co., Lanchester carried on with the development and small-scale production of wire less apparatus. In 1927 he produced an acoustic tube moving-coil loud-speaker and later a diffractaphone aperture which ensured the most perfect distribution of tones of different pitch either in a concert hall or in the open air.
In 1928 he became consulting engineer to Messrs William Beardmore at a time when they were building diesel engines mainly for locomotive work.
Since his first paper in 1894, Lanchester has been the author of some twentynine papers and books on subjects varying from 'aerodynamics' to 'thermo dynamics'; from 'industrial economics' to the 'theory of dimensions'; from 'gearing' to 'relativity'; from 'aircraft in warfare' to 'discontinuities in the normal field of vision'. Many of these works are of great importance and all are stimulating, suggestive and intensely individual.
Lanchester's work has received international recognition and acclaim. Lanchester became a member of the Advisory Committee on Aeronautics under the presidency of Lord Rayleigh on its formation in 1909 and remained a member until 1920.
In Lanchester we had one of the very rare combinations of a great scientist, a great engineer, a mathematician, an inventor and a true artist in mechanical design. He was a man, too, of remarkable versatility, for his interests and his inventions ranged over a very wide field, including musical instruments (for he was a great lover of music) and all forms of sound reproduction. He was also a poet and a philosopher. His mind worked so quickly and so directly through the intermediate stages of thought that few could keep pace with it and this rendered him rather intolerant of their slower processes; for this reason he was a difficult man to help and nearly all the work he achieved, he achieved singlehanded.
Whatever problem he tackled, he tackled always from first principles, for he refused to be influenced by fashion or by the beliefs of others, unless they accorded with his own experience or common sense.
He had a very fine sense of humour which sometimes he employed a little mercilessly, for he could not tolerate the superficial or the second rate.
If a subject interested him-and his interests were wide indeed-he would go into it in the minutest detail and quickly become a master of it; if it did not interest him he would leave it severely alone, for he would not tolerate dabbling.
Like all great inventors who invent ahead of their time, Lanchester had to endure the mortification of seeing his own inventions reappear years later, perhaps in slightly modified form and under another name. This he took very hardly, for he failed to recognize and accept that this, inevitably, is the fate of all such.
None the less, his great pioneering work, both on the road and in the air, was fully recognized and honoured by scientific bodies and institutions, though the motor industry, who owed so much to him, seems to have treated him rather shabbily.
He died on 8 March 1946.
